neuroadaptations. Neuronal pentraxins function in the extracellular matrix to bind AMPAR. Three neuronal pentraxins have been described Narp, NP1 and NPR. Narp and NP1 cluster AMPA receptors, while NPR contributes to removing AMPA receptors during mGluRdependent long-term depression. We recently demonstrated that each pentraxin contributes to cocaine-induced neuroadaptations in a way that is consistent with its role in AMPAR clustering and trafficking. Thus, Narp and NP1 deletion promoted cocaine-induced place preference and showed blunted AMPA induced locomotion after cocaine withdrawal. In contrast NPR deletion augmented the AMPA response and was without effect on place preference. Consistent with reduced AMPA responsiveness after chronic cocaine in Narp KO mice, GluR1 was reduced in the postsynaptic density (PSD) fraction of Narp KO mice withdrawn from cocaine. These findings will be discussed in light of recent data showing that rats withdrawn from cocaine have marked deficits in developing long-term potentiation and long-term depression.
GluR1 subunit of AMPA receptors (AMPAR) in accumbens (2, 3) , and correspondingly increases the ratio of AMPA to NMDA currents in accumbens medium spiny neurons (4) . Also, AMPA injected into the NAcc demonstrates behavioral cross sensitization with cocaine and induces cocaineseeking behavior in cocaine-experienced rats, while AMPA antagonists block cocaine-induced behavioral sensitization and seeking behavior (5-7). Moreover withdrawal from chronic cocaine reduces extracellular glutamate due to a downregulation of the cystine-glutamate antiporter in the NAcc (8) , which reduces glutamatergic tone on the group II presynaptic glutamate metabotropic receptors (mGluR2/3) (9), and results in an increase of glutamate release during the reinstatement of cocaine seeking (10) .
At the excitatory synapses, AMPAR are aggregated by proteins in both the intracellular compartment and the extracellular matrix. Neuronal Pentraxins (NPs) are among the proteins enriched in the extracellular matrix (11, 12) . Three different NPs have been described: Narp (neuronal activity regulated pentraxin, also termed NP2), NP1 (neuronal pentraxin 1) and NPR (neuronal pentraxin receptor) (13) . Narp is an immediate early gene that is induced by synaptic activity, while NP1 and NPR are constitutively expressed (14) . Narp and NP1 multimerize, thereby enhancing the clustering and synaptogenic activity of the individual proteins (14) . In contrast to Narp and NP1, which are secreted proteins, NPR possesses a single transmembrane domain. Recently, Cho and colleagues reported an association between NPs and group I metabotropic receptors (mGluR1/5) induced long-term depression (LTD) (15) . Thus, NPs appear to have opposing effects on AMPAR aggregation at synapses, with Narp and NP1 acting to enhance 72 Neuronal Pentraxins, AMPAR and Cocaine AMPAR clustering and NPR acting to remove AMPAR (Fig.1) .
Consistent with a shared AMPAR clustering function for Narp and NP1, we recently reported that deletion of either NP caused similar alterations in spontaneous and cocaine-induced behavior, and blunted motor response elicited by stimulating AMPAR in the NAcc during cocaine withdrawal. On the other hand, NPR deletion potentiated the motor effect of AMPA. We also showed that GluR1 subunit of AMPAR is down-regulated in the postsynaptic density (PSD) after abstinence from chronic cocaine in Narp KO mice (16) . As reported previously, withdrawal from chronic cocaine potentiates the motor stimulant effect of intra-accumbens AMPA (6) , and the fact that this potentiation was inhibited in Narp KO is consistent with the marked downregulation of GluR1 in the Nacc PSD in Narp KO mice withdrawn from chronic cocaine administration (16) . Taken together, our findings suggest opposing actions of Narp and NP1 versus NPR in cocaineinduced plasticity that parallel their differential actions in synaptogenesis and excitatory transmission. Narp and NP1 are able to multimerize and promote clustering of AMPAR (11, 14) , while NPR is thought to bind to the Narp/NP1/AMPA clusters and promote internalization of the clustered receptors (15) . Our data also implicate the NPs as potential regulators of the behavioral and cellular adaptations produced by chronic cocaine.
We also measured cocaine rewarding properties after individual deletion of each pentraxin using conditioned place preference. Once more, Narp and NP1 KO mice showed similar results where cocaine place preference was enhanced and NPR KO showed no effect on cocaine place preference compared to their WT. Moreover, Narp and NP1 KO showed a delayed expression of sensitization, and NPR was similar to its WT. Considering these results together may seem paradoxical since locomotor sensitization and rewarding properties usually go together with an increase locomotor response to AMPAR stimulation. However, by removing the pentraxins we produce changes in the fine tuning of glutamate synapses which may differentially affect cocaineinduced behavioral responses. Recently, Bachtell et al (17) showed the overexpression of GluR1 holding a single point mutation that reduces synaptic current through AMPAR decreases AMPA induced locomotion after a cocaine treatment, but increases cocaine sensitization and reinstatement. Along these same lines, Narp and NP1 KO showed responses akin to the over-expression of the mutant GluR1, suggesting that in the absence of Narp or NP1 the function of AMPAR may be decreased; which is also suggested by the lower DHPG induced locomotor activity in Narp KO and by the reduced AMPA induced activity in Narp/NP1 KO shown in our study (16) . Previous studies have shown that the activation of group I mGluR by DHPG in the NAcc of naïve animals produces an increase in locomotor activity that is mediated by AMPAR (18) .
As mentioned above we found a reduction in GluR1 in the PSD subfraction from the ventral striatum of Narp KO after withdrawal from cocaine that reveals an interesting interaction between cocaine regulation of AMPAR and Narp (16) . Previous studies showed an increase in GluR1 after withdrawal from chronic cocaine that was associated with the development of behavioral sensitization (3) . Given the lack of change in GluR1 in the non-PSD fraction (16), we proposed that the reduced capacity to cluster AMPAR after chronic cocaine in Narp KO mice resulted from a change in the trafficking of GluR1 into or out of the PSD subfraction, rather than a change in synthesis of AMPAR subunits.
It is tempting to speculate that the functional segregation of NPs in synaptogenesis and excitatory transmission may underlie the differential effects of individual NP gene deletion on AMPA-induced motor activity, cocaine-induced place preference and behavioral sensitization. Thus, the presumed deficit in AMPAR clustering associated with Narp or NP1 gene deletion would be predicted to impair AMPAR signaling. In fact, Narp and NP1 deletions inhibited AMPA-induced locomotion. Conversely, NPR KO mice show reduced mGluR5-dependent LTD due to reduced internalization of AMPAR in NPR KO (15) , which would be predicted to potentiate AMPAinduced responses. Correspondingly, we demonstrated that NPR deletion augmented the motor response to AMPA administration into NAcc (16) .
Recently, we found that cocaine selfadministration induces metaplasticity that impairs the ability of prefrontal cortex to produce long term potentiation (LTP) or LTD in NAcc, and that Nacetylcysteine (NAC) a drug that inhibits cocaine reinstatement by restoring glutamate levels in the NAcc also reverses cocaine metaplasticity (19) . Interestingly, the restoration of LTP was linked to NAC-induced restoration of the glutamate tone on presynaptic group II metabotropic receptors (mGluR 2/3) while the restoration of LTD was linked to restoration of the glutamate tone on the postsynaptic mGluR5. However, while the pharmacological stimulation of mGluR2/3 prevents cocaine seeking (20, 21) , the stimulation of mGluR5 with a positive allosteric modulator in the presence of a lower dose of NAC promotes cocaine seeking reversing NAC effects (19) . These data suggest that the impairment in mGluR5-induced LTD may be protective and limit the intensity of cocaine seeking (19) .
Cho and colleagues recently demonstrated that NPR participates in mGLuR1/5 induced LTD (15) . The authors showed that the stimulation of mGluR1/5 activates the extracellular metalloprotease ADAM 17 (TACE) which cleaves and releases NPR to promote endosome-dependent removal of AMPAR from the synapse. Thus, NPR KO mice showed a reduced mGluR5-induced LTD (15) and consistent with a protective role of impaired mGluR5-induced LTD, we reported that NPR KO mice have no effect on cocaine rewarding properties and no differences in locomotor sensitization compared to WT, in spite of an augmented behavioral response to AMPAR stimulation (18) .
Furthermore, previous work from the lab also showed that mGluR5 protein levels are reduced in NAcc in rats withdrawn from cocaine, also implying that mGluR5 is functionally impaired (18) . Taking all these data together leads us to suggest one possible mechanism that links mGluR5 LTD impairment and NPR as part of cocaine neuroadaptations. In other words, mGluR5 downregulation after cocaine withdrawal would impair TACE activation, probably reducing NPR release and AMPAR removal from the surface, leading to an impairment in mGluR5-induced LTD. Certainly further experiments need to examine this mechanism (Fig. 2) .
The function of the other two pentraxins, Narp and NP1, is to cluster the AMPAR from the extracellular matrix (14) . Our results suggest that deficits in pentraxin-induced clustering of the AMPAR may decrease receptor function (i.e. blunted response to AMPA stimulation in Narp and NP1KO, and blunted response to DHPG in Narp KO) which seems to favour cocaine-induced neuroadaptations (i.e. augmented cocaine place preference in both KO). Furthermore, we also demonstrated that the expression of GluR1 was decreased only in Narp KO mice withdrawn from cocaine implying that the absence of Narp affects cocaine modulation of AMPAR and therefore increases its behavioral effects. In conclusion, according to the evidence discussed here pentraxins ability to regulate clustering and promote endocytosis of the AMPAR may play a protective role in cocaine induced neuroadaptations.
